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REMARKS 



Reconsideration of the patentability of applicants' claimed invention is requested 
respectfully. 

Status of the Claims 

Claims 1 to 17 and 22 have been cancelled. Claims 18, 20, 21, 23, 25, 26, 29 to 33, and 
36 to 38 have been amended. Claims 39 to 45 have been added. Accordingly, there is presented 
for the Examiner's consideration Claims 18 to 21 and 23 to 45, which total in number 27, of 
which 5 are in independent form. The total number of claims and of independent claims are less 
than paid for at the time of the filing of the present application. Accordingly, no claim fee is due. 

Summary of the Examiner's Rejections 

All of applicants' originally filed claims (Claims 1 to 38) have been rejected. 

The present action includes the following rejections: 

(A) Claims 1 to 17 and 36 to 38 have been rejected under 35 USC § 102(b) as being 
anticipated by the disclosure of International Application bearing Publication No. WO 99/02133, 
dated January 21, 1999; 
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(B) Claims 1 to 7 have been rejected under 35 USC § 102(b) as being anticipated by the 
disclosure of International Application bearing Publication No. WO 93/15726, dated August 19, 
1993; 

(C) Claims 18 to 24 and 26 to 28 have been rejected under 35 USC § 103(a) as being 
obvious over the disclosure of the aforementioned Lefevre et al. publication in view of the 
disclosure of U.S. Patent No. 5,350,769 to Kasai et al; and 

(D) Claims 25 and 29 to 35 have been rejected under 35 USC § 103(a) as being obvious 
over the disclosure of the aforementioned Lefevre et al. publication in view of the disclosures of 
the aforementioned Kasai et al patent and U.S. Patent No. 4,692,329 to Klein et al. 

It is requested respectfully that the Examiner withdraw the aforementioned rejections in view of 
the discussion which follows. 
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Summary of Applicants' Claimed Invention 

Applicants' claims define various embodiments of the present invention. 

For example. Claim 18 defines a package which comprises a container for holding a 
component comprising a benzoyl peroxide (BP) gel and another container for holding a component 
comprising an erythromycin gel, each of the corhponeiits being separated one from the other in 
their respective containers which comprise the package. As explained in the present application 
and in the prior art, a composition comprising BP and erythromycin is effective in treating acne, 
but such composition tends to degrade pifematurely when the aforementioned constituents are 
mixed together. The aforementioned package is designed in a manner such that, at the time of use 
and before premature degradation, the components can be dispensed simultaneously from their 
respective containers and mixed to form an acne-treating composition which can then be applied 
promptly (and before degradation) to facial areas of the patient to treat the ache. 

As set forth in Claiin 18, the package is designed to dispense simultaneously the 
components from their containers, the viscosities of the components being such that, upon the 
application of a uniform force to the components, substantially equal volumes of the components 
are dispensed from their respective containers. 

Claim 36, which is dependent on Claim 18 defines a "multiple use" package which is 
capable of holding, in their respective containers, the components in amounts which comprise 
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multiple doses that can be dispensed from the package in single dose form (see the present 
application, page 15, beginning at line 11 and continuing to the end of page 20). 

Claim 38 defines a "single-dose package" which can be thrown away after its contents are 
emptied (see the present application, page 12, beginning at line 15 and continuing to page 14, 
lines 1 to 26). 

In another embodiment of the present invention, Claim 23 defines a composition which is 
suitable for the treatment of acne and comprises BP, erythromycin, and, as a gelling (thickening) 
agent, hydroxylpropylcellulose, which is disclosed in the preisent application as being a highly 
preferred gelling agent (see page 30, lines 12 and 13). 

The following discussion will explain how applicants' claims distinguish over the prior art 
and why they are considered to define patentable subject matter. 
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Siunmarv of the Disclosures of the References 

There follows a sunimary of each of the cited references in the context of the relationship 
of applicants' claimed subject matter to the disclosures of the references. 

The Lefevre et al. Publication 

The Lefevre et al. publication discloses broadly a multi-compartment dispensing system in 
which a composition comprising BP is held in one compartment and separated from a second 
pharmaceutically active ingredient held in another compartment, the BP typically affecting 
adversely the chemical stability of the second pharmaceutically active ingredient in a composition 
comprising these constituents. The mixing of the constituents can occur in either in situ or in the 
dispensing system just prior to delivery. 

The Lefevre et al. publication discloses various pharmaceutically active ingredients that can 
be combined with BP including, for example, anti-microbial agents such as anti-bacterial or anti- 
fungal agents, for example, erythromycin, natamycin, clindamycin, lincomycin, sphingosine and 
phytosphingosiiie. This i'eference makes clear that the nature of the fohh in the dispensing system 
of each of the compositions comprising the BP and the second active ingredient is dependent on 
the particular ingredients involved and the desired properties of the composition comprising the 
BP and second active ingredient. This is spelled out, for example, in the following paragraph 
which appears in the reference. 
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Thus, the nature of the first and second composition are 
determined by on the one hand the stability requirements 
of each individual active ingredient and on the other 
hand the desired properties of the final composition, (page 3, 
lines 13 to 16). 



Consistent with the above disclosure, the Lefevre et al. publication discloses that a stable BP 
composition is formulated as a suspension in which BP particles are maintained in suspension by 
the use of: (A) a thickening agent which is incorporated in a formulation comprising BP particles 
and which keeps the particles from settling; and (B) a vehicle in which the BP particles have a 
relatively low solubility (see the reference, page 3, lines 29 to 35 and page 8, lines 23 to 34). 
Similarly, Lefevre et al. refer to stable natamycin compositions which are in the form of 
suspensions of natamycin crystals in an aqueous medium which contains a thickening agent to 
prevent sedimentation of the crystals. 

In distinct contrast to the Lefevre et al. teachings that stable BP and natamycin 
compositions need to be in the form of thickened suspensions, Lefevre et al. teach explicitly that 
stable compositions of other types of active ingredients, including specifically erythromycin, are 
obtained by preparing a solution thereof in which the erythromycin (or other active ingredient) is 
dissolved in a high concentration of a non-aqiieous solvent for the active ingredient (see, for 
example, the reference, page 5, lines 15 to 29; page 6, lines 16 to 29; and the paragraph bridging 
pages 8 and 9 which refer to a concentrated alcoholic clear solution of erythromycin). Similarly, 
Lefevre et al. refer to stable clindamycin compositions which are in the form of a solution (please 
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see Appendix A hereof which consists of a copy of "Aqueous Stability of Clindamycin, T.O. 
Oesterling, Journal of Pharmaceutical Sciences, Vol. 59, No. 1, January 1970" by T. O. 
Oesterling which is referred to in the reference in the paragraph bridging pages 5 and 6). 

As discussed more fully below, applicants' claims distinguish over the Lefevre et al. 
disclosure in various ways, including defining the erythroiriycin-containing composition as being 
in the form of a gel. 

The Barbbdv et al. Publication 

This reference discloses acne-treating compositions comprising benzoyl peroxide and 
erythromycin or clindamycim, the latter being the subject of the development described in the 
reference. The reference discloses the use of a two-component kit which includes a container 
for the benzoyl peroxide and a separate container for the clindamycim. This reference does 
not disclose a "package" having separate containers within the package, as set forth in 
applicants' clainis. 

U.S. Patent No. 5,350,769 to Kasai et al. 

This patent discloses an anti-inflammatory gel comprising an ammonium or sodium salt 
of diclofenac, a nonionic polymer, a dibasic ester, and a lower alcohol (there is no reference in 
the patent to either BP or erythromycin). The nonionic polymer functions as a gelling agent. 
The patent discloses specific nonionic polymeric gelling agents which are said to be capable of 
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forming a stable gel in a mixed solution of the dibasic ester, a lower alcohol, and water. 
Hydroxypropylcellulous is one of such gelling agents. 

The patent discloses that an advantage of using one or more of the examplified nonionic 
polymers is that it permits the preparation of a composition containing a large amount of lower 
alcohol which helps to promote percutaneous absorption of diclofenac or its salts and to 
enhance the dissolution into the base components (see column 2, lines 7 to 14). 

The patent makes clear that other gelling agents are not effective in forming 
satisfactory gels. For example, the patent discloses three comparative examples (see columns 
3,4, and 5 of the patent) which disclose the use of various gelling agents that form gels which 
are not stable. Accordingly, this is solid evidence that a gelling agent which functions 
appropriately in one environment does not necessarily function appropriately in another 
environment. As mentioned above, this reference does not disclose a composition which 
contains BP or erythromycin. 

U.S. Patent No, 4,692,329 to Klein et al. 

It is acknowledged that this reference discloses an acne-treating gel composition which 
comprises BP and erythromycin and dioctyl sodium sulfosuccinate surfactant. 
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Discussion of the Examiner's Rejections 

With regard to the Examiner's rejection of Claims 1-17 and 36-38 as being anticipated 

by the Lefevre et al publication. Claims 1-17 have been canceled. 

Clainis 36 and 37 have been amended to depend on Claim 18 which defines subject 
matter that is not anticipated by the Lefevre et al. publication, as explained below. 

Claiih 38 has been amended to define subject matter which is not anticipated by the 
Lefevre et al publication. The Examiner has observed that the Lafevire et al publication refers 
to dispensing systems for use in the practice of their development as being exemplified in 
international application bearing publication number WO 97/27841. This publication, which 
corresponds to U.S. Patent No. 6,117,433 and which contains but a general description of a 
dispensing system, refers to Genrian patent application DE 3,630,849 which corresponds to 
U.S. Patent No. 4,823,985, which is attached hereto as Appendix B and which discloses the 
details of a dispensing system. 

Claim 38, as amended, distinguishes over the aforementioned '985 patent in that it 

recites two packets joined to one another along a commonly shared side. In contrast, the '985 

patent, in Figure 1, teaches packets 2 and 3 that are contained within a common casing 4. As 

recited in Claim 38, the packets are foldable along the commonly shared side to bring them 

into facing relation adjacent to one another. There is no such folding disclosed in the *985 
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patent, the packets disclosed therein being in facing relation within the casing. The folding 
brings the tabs sealing the dispensing orifices into overlying relation allowing them to be torn 
off simultaneously, and also places the orifices adjacent to each other to facilitate mixing of the 
packet contents. 

With regard to the rejection of Claims 1-7 as being anticipated by the disclosure of the 
Baroody et al application, as mentioned above. Claims 1-7 have been canceled. 

The Examiner's rejection of Claims 18-24 and 26-28 as being obvious over the 
disclosure of the Lefevre et al publication in view of Kasai et al patent is traversed. 

Claim 18 has been amended to define a package in which each of the BP and 
erythromycin components is in the form of a gel having viscosities such that, upon application 
of equal force to the components, there can be dispensed from the package substantially equal 
amounts of the coiriponents simultaneously. As discussed above, the Lefevre et al. publication 
discloses that the erythromycin composition is formulated as a solution. In addition, Lefevre 
et al. discloses that the BP composition is dispensed from the dispensing system in an amount 
substantially greater than the amount of the BP that is dispensed in order to dilute the 
erythromycin composition. Thus, Lefevre et al. discloises a delivery ratio of the BP and 
erythromycin compositions such that a dilution of the erythromycin composition of at least a 
factor of 10 is realized in the final composition (see the Lefevre et al. publication, page 6, 
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lines 24-29 and page 8, lines 14-16). Accordingly, applicants' claims distinguish further over 

the Lefevre et al. publication in reciting the delivery of substantially equal amounts of the 

components. 

It is recognized that Lefevre et al. refer to stable erythromycin compositions in the 
form of a suspension, but the suspensions referred to are not gels inasmuch as they do not 
contain gelling agents (see the reference, page 5, lines 26-29). 

With regard to the Examiner's comments concerning the relevancy of the Kasai et al. 
patent, as asserted above, this patent itself makes clear that gelling agents which function 
satisfactorily for gelling some types of materials are hot necessarily effective for gelling other 
types of materials. Inasmuch as the materials which are disclosed in the Kasai et al patent are 
so significantly different from the materials defined in applicants' involved claims, it is 
submitted that it is not predictable and, therefore, surprising that hydroxypropylcellulose 
functions so effectively with applicants' claimed materials. 

The disclosure of the Klein et al. patent, which is cited as a secondary reference in the 
other of the Examiner's §103 rejections, does not supplement the deficiencies of the 
disclosures of the references discussed hereinabove as regards the patentability of applicants* 
claims. 



19 



Synnestvedt 8c LECHlSrER LLP 



Group Art Unit 1616 
Application No. 10/019,822 



March 1, 2005 
Attorney Docket No. P22,901-A USA 



In view of the above, it is requested respectfully that the Examinei: withdraw the §102 and 
§103 rejections which are the subject of the Office Action. 

Miscellaneous 

Enclosed herewith are copies of the publications listed on page 6 of the Information 
Disclosure Statement referred to on page 2 of the Action. 

This Reply is accompanied by a Petition for Extension of Time to respond to the 
Examiner's Action. 

An early and favorable Action is requested respectfully. 



2600 Aramark Tower 
1101 Market Street 
Philadelphia, PA 19107 
Phone (215) 923-4466 
Facsimile (215) 923-2189 
abarron@svnnlech.com 



M:\pbodine\AB\Avemis\P22.901-A USAXReply to OA of September 1. 2004.doc 



Respectfully submitted, 
Syinnestvedt & Lechner LLP 




Alexis Bairon, Esquire 
Registration No. 22,702 
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Aqueous Stability of Clindamycin 



^b. OESTERLING 



i-^^ct □ The kinetics and mechanism of degradation of the anti- 
^^otjc clindamycin were studied in buffered aqueous solution in the 
IhH range 0.4-12. Clindamycin showed maximum stability at pH 
^5; however, high temperature studies indicated that not more 
10% degradation will occur in the pH range 1-6.5 after two 
at 25°. In the pH range 0.4-4 the major degradative pathway 
[^ hydrolysis of the thioglycoside linkage to form 7-dethiomethyl- 
^^ytiroxy clindamycin and methyl mercaptan. The major degrada- 
Ji^' pathway in the pH range 5-10 was scission of the 7-(S)-Cl of 
Qindamycin to form the 7-(R)-OH analog, lincomycin. Evidence 
^jjas "obtained that supports the hypothesis that this conversion to 
^^fiScomycin proceeds through an oxazolonium intermediate and 
^tpt the extent of conversion depends on the degree of protonation 
"^^f^lie amine function of clindamycin. The activation energy for 
^^indamycin degradation in 0.1 M HCl, where thioglycoside hy- 
fdli^is is predominant, is 38.0 =t 1.2 kcaL/mole, and the activa- 
ioijVenergy in 0.2 M citrate buffer adjusted to pH 5, where Con- 
xion to lincomycin is predoniinant, is 29. 1 =t 0.6 kcal./mole. 

Keyphrases □ Clindamycin— stability, aqueous solution □ Sta- 
_^|fiflity--clindamycin aqueous solutions □ Degradation, clinda- 
'^|n)tin— kinetics, mechanism, product identity □ pH effect— 
"Jftaamycin stability □ Temperature effect— clindamycin sta- 
^^ityO GLC— analysis □ Mass spectroscopy— identity 

JllflTie synthesis and biological properties of the anti- 
giotic clindamycin (I) were first reported by Magerlein 
(1, 2). Clindamycin possesses marked anti- 
^pfesmodial activity (3) and is highly effective in the 
^S^tment of infections caused by Gram-positive or- 
^nisms (2). 
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^:":,ine purpose of this study was to investigate the 
g;9egradation of clindamycin in aqueous solution in 
^^order to supply basic information necessary for the suc- 
gc^sful formulation of the drug in liquid dosage forms, 
^vi^ p ^flfects of pH and temperature on the rate of 
^ Clindamycin degradation v^ere studied and the major 
products of degradation in the pH range 0.4-12 were 
^ iS^^^ From these data, the conditions of maximum 
w.-^9ility of clindamycin in aqueous solution were 
^J^blished and the stability of clindamycin in pharma- 
^i^utical formulations could be predicted. 

EXPERIMENTAL 

:^^:^*eriaJs-<:iindamyci n, lincomycin, lincomycin tetraacetate, 
7-epiclindamycin (The Upjohn Co.) were 
o^her chemicals were reagent grade. 



O 

O 

JD 



CO 



5 



0 J 




Figure 1 — Typical gas-liquid chromatogram of acetylated sample 
from lowpH «4) reaction mixtures. Key: Peak 1, 1-dethiomethyl-h 
hydroxy clindamycin tetraacetate; Peak 2, suspected anomer of 
Peak 1; Peak 3, clindamycin triacetate; Peak 4, cholesteryl acetate. 

Kinetic Studies — pH-Rate Studies — Reaction mixtures containing 
clindamycin hydrochloride and buffers were prepared to cover the 
pH range 0.40-12 using the buffers shown in Table I. Individual 
buffer systems were prepared from citric acid, tartaric acid, acetic 
acid, succinic acid, disodium phosphate, boric acid, and sodium 
carbonate, and adjusted to the desired pH at 70** by the addition 
of hydrochloric acid or sodium hydroxide. 

Ttie concentration of clindamycin hydrochloride was 1 % (0.02 
Af) in the pH range 1-6, 0.2% at pH 7, and 0.1 % at pH values 
greater than 7. Reaction mixtures at higher pH contained less 
clindamycin due to the relatively low solubility of the undissociated 
species (about 2 mg./ml.). After preparation, volumes of each 
reaction mixture equivalent to 12 mg. of clindamycin hydrochloride 
were filled into ampuls, sealed, and placed into a 70° constant- 
temperature bath. At appropriate times two samples were with- 
drawn, the pH of one was measured, and an aliquot of the second 
equivalent to 10 mg. of clindamycin hydrochloride was freeze- 
dried. The amount of intact clindamycin present in the freeze- 
dried samples was determined by the gas-liquid chromatographic 
assay described below. 

Temperature-Rate Studies — ^The effect of temperature on the 
rate of clindamycin degradation was studied in 0.1 A/ hydrochloric 
acid and in 0.2 A/ citrate buffer adjusted to pH 5. 

Ampuls containing 10 mg./ml. of clindamycin hydrochloride in 
0. 1 Af hydrochloric acid were placed into constant-temperature baths 
set at 47, 53, 70, 79, and 93°. At appropriate times 1.0-ml. samples 
were withdrawn, freeze-dried, and the amount of intact clindamycin 
present in the freeze-dried samples was determined by the gas- 
liquijUchromatographic assay described below. 

Ampuls containing 10 mg./ml. of clindamycin hydrochloride in 
the citrate buffer were placed into 47, 53, 60, 70, 80, and 90* con- 
stant-temperature baths. At appropriate times two ampuls were 
withdrawn, the pH of one was measured, and 1.0 ml. of the other 
was freeze-dried. The pH did not vary by more than 0.2 pH units 
from the initial pH during the reaction in all of the buffered reaction 
mixtures including the pH-rate studies described above. The 
amount of intact clindamycin present in the freeze-dried samples 
was determined by the gas-liquid chromatographic assay described 
below. 

Gas-Liquid Chromatographic Assay—One milliliter of deionized 
water was added to the freeze-dried sample, the pH was adjusted to 
1 1 with concentrated ammonium hydroxide, and the solution was 
extracted with two I-ml. portions of ethyl acetate. The ethyl acetate 
extracts were combined and the solvent was removed with a stream 
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Figure 2 — Typical gas-liquid chromatognun of acetylated sample 
froth high pH (5-8) reaction mixture. Key: Peak /, clindamycin 
triacetate; Peak 2, suspected 7-epilincomycin tetraacetate or 7- 
epiclindamycin triacetate; Peak J, iincomycin tetraacetate; Peak 4, 
unknown; Peak J, chtdesteryl acetate. 



of nitrogen. To the residue 1.0 ml. of a mixture of pyridine (dried 
over KOH)-acetic anhydride (2:1) containing 10 mg./ml. cholesteryl 
acetate as internal standard was added. After acetylating for 1 hr. 
at KX)*", the solution was cooled to room temperature and 1 /xL 
was injected into an F & M model 402 gas chromatograph ad- 
justed to the following conditions. Samples were partitioned be- 
tween helium carrier gas flowing at 40 ml./min. and 3% OV-1 on 
diatomaceous earth (Gas Chrom Q) 60-80 mesh in a U-shaped 
glass column 120 cm. long X 3 mm. i.d. (Columns were precon- 
ditioned by heating at 300° for at least 6 hr. with low helium flow 
and then for 1 hr. under no flow conditions. The column tempera- 
ture was 220 flash heater temperature 230"*, and flame ionization 
detector 240°. Air and hydrogen flow rates were adjusted to give 
maximum response. 

The concentration of clindamycin per sample was obtained by 
comparing clindamycin-intemal standard peak height ratios to 
the peak height ratios of a standard curve prepared from known 
amounts of clindamycin. Standard curves were obtained daily. 

Detenniiiation of pKa of Clindamycin at 70 ''—Ten milliliters of 
a 2.0 mg./ml. solution of clindamycin hydrochloride were titrated 
with 0.05 N NaOH in a jacketed vessel at 70*" with a Radiometer 
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Figure 3—Arrhemus plot for degradation of clindamycin in OA M 
HCL 



TTTIC titrator and SBR2C titragraph. The average pKa of six 
replicate titrations was 6.90 ±0.10. ^ 

Identification of D^radation Products — ^Degradation products 
were identified by mass spectral studies and by comparison of gas- 
liquid chromatographic retention times and thin layer chromato- | 
graphic Rs values with authentic samples when available. Mass % 
spectra of acetylated clindamycin and degradation products were % 
obtained by processing acetylated reaction mixture samples through 
an LKB 9(X)0 gas chromatograph-mass spectrometer and recording 
mass spectra of peaks of interest as they exited from the gas chroma- 
tograph column. Thin layer chromatographic studies were carried ^^ 
out by spotting about 50 yX. of clindamycin reaction mixtures on % 
Silica Gel O and developing with chloroform-methanol 90:10, 
Spots were visualized with iodine vapor. 



RESULTS AND DISCUSSION 

Identification of Products — Gas-liquid chromatographic data 
indicated that the mechanism of clindamycin degradation is pH-^ 
dependent with a change in mechanism occurring in the vicinity of | 
pH 4-5. For example, chromatograms similar to Fig. 1 were ob- 
tained from reaction mixtures whose pH was less than 4, whereas; 
samples from reaction mixtures in the pH range 5-8 yielded chr< 
matograms similar to the one shown in Fig. 2. The major product of^ 
degradation in the pH range 0.4-4, represented by Peak 1 in Fig, 1, 
had a shorter retention time than clindamycin while the majors 
degradation product at higher pH, represented by Peak 3 of Fig. 2,- 
had a longer retention time than clindamycin, Chromatograms fromj 
reaction mixtures at pH greater than 8 which were buflered withj 
borate, carbonate, or NaOH showed only disappearance of clinda-!^ 
mycin and no other peaks were observed. 

The identity of the major degradation product of clindamycin atj 
pH less than 4 was established by mass spectral studies and with a] 
knowledge of the reactivity of Iincomycin (V), the 7(R)-OH analogy 
of clindamycin, in acid. Prescott (5) and Herr and Slomp (6) have^ 
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yble I — Apparent First-Order Rate Constants of 
l^^lJation o( Clindamycin 



-5.0 r 



pH 



Buffer 



Tempera- 
ture, **C. 



io-« 



0.54« 
0.66- 



iP^- 2.95 



3.92 
4.00 



4.07 



^^^Hl.OO 



O.SMHCX - 70 19,0 

0,4A/HC1 70 19.3 

0.3AfHCl 70 14.3 

0.2 M HQ 70 8,25 

0,lAfHCi 70 4.50 

O.lAfHQ 70 4,66 

O.lAfHQ 47 0.0199 

0.1 A/ Ha 53 0.252 

0.1 MHa 59 1.43 

O.lA/HCl 79 13.0 

O.lAfHCl 93 66,5 

0.2 A/ Citrate 70 0.831 

0.2 A/ Citrate 70 0.805 

0.2 A/ Citrate 70 0.295 

0.2 Af Citrate 70 0,318 

0.2 Af Citrate 70 0.243 

0.2 Af Citrate 70 0.249 

0.2 Af Citrate 70 0.242 

0.2 Af Citrate 47 0.0124 

0 . 2 Af Citrate 53 0 . 0279 

0.2 Af Citrate 59 0.0831 

0.2 Af Citrate 80 0.969 

0.2 Af Citrate 92 3.62 

0. 2 Af Tartrate 70 0. 276 

0.2 A/ Acetate 70 0.278 

0 , 2 Af Succinate 70 0, 280 

0.2 Af Citrate 70 0.276 

0.2 Af Citrate - 70 0.665 

0.2 Af Phosphate 70 0.620 

0.2 A/ Citrate 70 0.946 

0.2 Af Citrate 70 2.07 

0.2 Af Citrate 70 2.89 

0 . 2 A/ Phosphate 70 4 . 00 

0.2 Af Phosphate 70 5.91 

0.2 Af Phosphate 70 4.08 

0.2 A/ Phosphate .70 7.11 

0.2 A/ Borate 70 15.2 

0.2 A/ Borate 70 15.5 

0.2 A/ Borate 70 16.7 

0.2 Af Borate .70 17.7 

0.2 Af Borate 70 14.9 

0.2 Af Borate 70 29.9 

0.2 Af Carbonate ^ 70 149 

O.lAfNaOH 70 204 
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f Calculated from pH « — Log/(HCl): where (HCl) is the experi- 
'^mental molarity and / is the mean activity coefficient for HCl at 70® 
j^^extrapolated from the literature (4). * Calculated from pH - pKw — 
ipOH : where pKw« 12.77 at 70" (4), pOH - - Log/(NaOH). (NaOH) 
tu:the experimental molarity, and / is the mean activity coenicient for 
JI^.^QH extrapolated from the literature (4). 

iisr 

j^^^J^P?^^^ that lincomycin (V) degrades in acid via thioglyco- 
^^l^sifJe liydrolysis to form /-dethiomethyl-Z-hydroxylincomycin and 
||pimethyl mercaptan. CUndamycia might be expected to react in add 
^Jn/a manner similar to lincomycin and mass spectral data indicate 
^gthat the molecular weight of the compound represented by Pfeak 1 
^ig. 1 is 562. This molecular weight corresponds to acetylated 
|^^§Wethiomethyl-7-hydroxyclindamycin which indicates that 11 in 
teffii4?*rj*eroe I is the major product of clindamycin degradation at pH 
|gg!^sthan4. 

pan be detected gas chromatographicaliy as the predominant 
product for about three clindamycin halMves after which 
i^Sff '^Sins to disappear. The decrease in magnitude of the gas- 
|gg^4»^uid chromatographic peaks of 11 and clindamycin at extended 
|pg||j^^?^ion times is accompanied by the appearance of several small 
I^IjP^^s of shorter retention time. This further degradation may result 
breakdown of the sugar moiety or amide hydrolysis (6). 
2 of Fig. 1 represents another product of clindamycin 
tflS^^^^^^°^ pH less than 4 which is present in the early stages 
t ^^^^'^°°* ^ reaction proceeds. Peak 2 behaves similarly 
5^^ \ decreases in magnitude after about three clindamy- 
F^l^^J^j^l^"^^^^- Since thioglycoside hydrolysis proceeds through a 
Kbe*^ '^'^""^ ion intermediate (7), the products of clindamycin would 
if >^^^^^ mercaptan and an anomeric mixture of II. Mass spectral 
^ludies indicated that Peak 1 represents one of the anomers and 
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Figure 4 — Arrhenius plot of clwdamycin degradation at pH 4 in 
0,2 M citrate buffer. 



Peak 2 may represent the other. The identification of Peak 2 was 
not attempted. 

Lincomycin (V) was identified as the major degradation product 
of clindamycin at pH greater than 5. Mass spectral studies of Peak 
3 of Fig. 2 showed that the molecular weight of this compound was 
574, the molecular weight of acetylated lincomycin. Further, the 
gas'liquid chromatographic retention time of Peak 3 of Fig. 2 is 
identical to authentic lincomycin tetraacetate. Lincomycin, as well 
as clindamycin, is unstable in the pH range 5-8 as both Peaks 1 and 
3 of Fig. 2 disappear at long reaction times. One possible route of 
degradation of lincomycin and clindamycin at extended reaction 
times is amide hydrolysis. 

It is obvious from Fig. 2 that lincomycin is not the sole product 
of clindamycin degradation at pH 5-8. At least two other reaction 
products are represented by F^aks 2 and 4 of Fig. 2. Both P^aks 
2 and 4 represent minor products and neither was ever present in 
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Figure 5 — Apparent first-order disappearance of clindamycin in 0,1 M 
HCi at various temperatures. Key: O ^7^, O A 5P°, • dP*. 
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Figure 6—pH'Rate profile ofclindamycm degradation at 70 ®. 



amounts greater than that shown in Fig. 2. Peak 2 may represent 
acetylated 7-epiIi neomycin or acetylated 7-epiclindamycin since its 
retention time was identical to authentic samples of each. Magerlein 
has reiported the formation of a trace of 7-epilincomycin after re- 
fluxing an aqueous solution of clindamycin at pH 7.8 (8), Peak 4 
of Fig. 2 was not identified. 

Although lincomycin (V) and Peaks 2 and 4 of Fig. 2 could not 
be detected above pH 8 by GLC, TLC of these reaction mixtures 
indicated that some of these degradation products were present 
but were not being extracted for gas chromatographic assay. Thin 
layer chromatograms x>f the reaction mixtures above pH 8 showed 
clindamycin and lincomycin by comparison with authentic samples 
and three other spots which were not identified. Gas chromato- 
grams of reaction mixtures below pH 8 showed that the major deg- 
radation products were extracted by ethyl acetate. The sum of the 
moles of acetylated IV (Scheme I) and clindamycin between pH 
5 and 8 and of acetylated II and clindamycin below pH 5 was 
greater than 90% of the initial clindamycin concentration in the 
early stages of the reaction. 

Temperature-Rate Studies — ^Arrhenius plots of clindamycin deg- 
radation in 0.1 Af HQ and at pH 4 are shown in Figs. 3 and 4. 
The activation energy for clindamycin degradation in 0.1 M 
HQ was calculated to be 38.0 =fc 1.2 kcal./mole. The principal 
degradative pathway in 0.1 HCl is hydrolysis of the /-thio-a-D- 
galactopyranoside moiety of clindamycin at Position 1 to form 
/-dethio-7-hydroxy-clindamycin (II) and methyl mercaptan (Scheme 
I). The activation energy for clindamycin degradation in 0.1 ^^ 
HQ falls in the 30-38 kcal./mole range reported by other investi- 
gators for acid degradation of compounds of similar structure such 
as alkyl /-thio-/3-D-glucopyranosides (9), alkyl /3-D-xylopyranosides 
(10), and alkyl a- and ^-D-glucopyranosides (11), 

The activation energy for clindamycin degradation at pH 5, the 
pH of maximum stability, was calculated to be 29.1 ±0.6 kcal,/- 
mole. Using the rate constants in Table I and the appropriate activa- 
tion energy, the prediction can be made that clindamycin in pharma- 
ceutical formulations adjusted to pH 1-6.5 will not degrade by more 
than 10% after 2 years at 25^. 

pH-Rate Studies — Clindamycin disappeared from reaction 
mixtures by an apparent first-order process under all of the con- 
ditions studied. Some typical log clindamycin concentration-time 
curves are shown in Fig. 5. 

The effect of pH on the rate of clindamycin degradation in the 
pH range 0.40-12 at 70^ . is shown in Fig. 6. 

Different buffer species did not appear to significantly influence 
the rate of degradation since a continuous curve was obtained for 
the pH profile and since the rate constant did not vary with dif- 
ferent buffers at the same pH (Table I), 

The pH profile of clindamycin (Fig. 6) shows that the rate of 
degradation increases with decreasing pH in the pH range 0.4-4. 
This is expected since both major degradative routes in this pH 
region, thioglycoside and amide hydrolysis, are susceptible to 
hydrogen ion catalysis. Being of simUar structure, lincomycin (V) 
should also degrade by these two routes in acid media and the rate 
constant should agree with that of clindamycin when reacted under 
similar conditions. Forist, et aL (12) studied the degradation of V 
in 0.1 N HCl at 70'' and the rate constant of 4.85 X lO"* sec.-» 



calculated from their data agrees quite favorably with the clinda-^ 
mycin values in Table L 4 
In the pH range 5-12 the degradative rate increases with increas-^ 
ing pH with an inflection point in the pH 9-10 region. GLC andS^^'^' 
TLC of reaction mixtures in this pH region show that at least four^ 
products are formed by clindamycin degradation. The times of ap-^ 
pearance of the various products and their relative concentrationsS 
indicate parallel reactions. Assuming there are parallel reactions'^ 
occurring, the shape of the pH-rate profiile in Fig. 6 in the pH 4-I2S 
region might be interpreted as follows. In the pH 4-9 region all^ 
degradative rates are increasing with increasing pH with one of the3 % 
reactions predominating. Above pH 9 the rate constant of the reac-^^ M-^-^ 
tion which was predominating at pH 5-9 becomes constant but the^^ 
rates of the other reactions continue to increase with increasing pH,|^fe&9 

Gas-liquid and thin layer chromatographic data of this studyl 
show that the predominant degradative reaction at pH 5-9 is con-S 
version to lincomycin (V). Results of studies by Magerlein (8, 13)|i 
show how the rate of lincomycin conversion could be predominant;^^ 
in this pH range and then become constant above pH 9. MagerleinJ 
has postulated that conversion to lincomycin occurs through the^ 
oxazolonium ion intermediate (VII) shown in Scheme II and that! 
the extent of conversion is highly dependent on the piurticipatin^i 
ability of the substituent on the amide carbonyl (13). For example,! 
solvolysis is anchimerically assisted by the nei^boring amidell 
carbonyl if the carbonyl substituent is methyl, whereas when Ri| 
is a strong electron withdrawing group such as trifluoromethyl,| 
participation does not occur. Magerlein also reports that the 7(S)-a| 
position of clindamycin is resistant to direct Sn2 nucleophilic dis-| 
placement (8). 



CH3 

O H— C— CI 

II I 
Ri — C— HN— OH 

I 

VI 




CH3 

.0— C — H 

I NH-CH a- 
vn 

O HO— C— H 

II I 
Ri— C— HN— C— H 

R2 

DC 




Scheme II 

In the present study no conversion to lincomycin was observ»| 
at pH values less than 5, whereas lincomycin was detected by G 
or TLC in all reaction mixtures buflfered to pH values greater tl 
5. Assuming that the protonated form of the ^-methyl-4-propyIpyrl 
rolidine portion of clindamycin (Ri) is analogous to trifluoromethyj 
as a nonparticipating substituent and k\ « fe, no conversion 
lincomycin would be expected in the pH range where Ri is. fi 
protonated, i.e., at pH values less than 5. On the other hand, it 
possible that lincomycin can be detected in the pH 5 reaction mix; 
tures because the small amount of nonprotonated Ri has facilitai ^ 
conversion to lincomycin and the increase in rate of clindamycin 
degradation is partly due to this reaction. As the pH increases thel 
rate of conversion to lincomycin increases due to the presence pp 
more nonprotonated Ri. The leveling trend in the pH profile at pljs 
9, two pH units above the pKa of 6,90, might be due to a constanf 
rate of lincomycin conversion since at pH 9 and above all of Sij 
exists in the nonprotonated form. The further increase in overaflj 
rate above pH 10 might then be due to an increase in the rate 
other reactions such as amide hydrolysis. 
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.The relationship between pH and the mechanism of clindamycin 
jegradation could be summed as follows. Below pH 4 clindamycin 
^degrades via thioglycoside and amide hydrolysis with thioglycoside 
'bydrolysis predominant in the pH range 0.4-4. Above pH 5 clinda- 
^ mycin degrades by conversion to lincomycin and by other reactions 
Jt^such as amide hydrolysis. The extent of lincomycin conversion is 
^dependent on the degree of protonation of the A'^-methyI-4-propyI- 
^t: 'yiToIidine moiety. At pH less than 5 where the amine is fully 
i^.i-j-Qtonated no conversion to lincomycin occurs. Then this process 
^can be detected in the vicinity of pH 5 and its rate increases as pH 
^increases to pH 9 and then becomes constant since the amine func- 
Ption is completely nonprotonated. The overall rate of clindamycin 
^^degradation continues to increase with increasing pH above pH 
however, due to the hydroxide ion dependency of the other 
^degradative routes. 
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goumarins XI: A Total Synthesis of (=t).Columbianetirr 
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g^Abstract □ (d=)-Columbianetin h^s been synthesized by a 

^^felJen-step sequence starting with 2,6-dihydroxy benzoic acid which 
fllvrtis converted to the methyl ester, benzyiated, and reduced to the 



ms^^^j' alcohol which was oxidized to the aldehyde and monode- 
^^•benzylated to provide 2-hydroxy-6-benzyloxyben2aldehyde (VI). 
&|Treatment of VI with methyl bromoacetate converted it to methyl 
|f^;?:'^ii2yloxy-2-formy[phenoxyacetate which was cyclized to methyl 
^if'Mzyioxyben2ofuran-2-carboxylate, the latter being converted 
SS'liP/^"^«-hydroxyisopropyl)-4-benzyloxyben2ofuran (XIV) by the 
^^ction of CHaMgl. Reduction and debenzylation of XIV to the 
t?li9P''''esponding dihydrobenzofuran followed by acid-catalyzed con- 
JfiPensation with ethyl propiolate provided (i)-!. 

□ (zt)-CoIumbianetin — total synthesis □ 



/.e., the angelate ester of I, and has been found in 
Peucedanum palustre (5) as well as in Zosimia absin- 
thifolia (Vent.) Link (6, 7). The absolute configuration of 
I has been shown to be 8(S) (8). 





ases 



_ TLC— 

^j^J^P^ation identity □ Mass spectroscopy— identity □ UV spectro- 



-Photometry— identity □ IR spectrophotometry— identity H NMR 
;^3)ectroscopy— identity 



rr^^^ isolation of two new coumarins from the umbel- 
<^0^y Lomatium columbianum Math, and Const., was 
^{J^?^^ in 1964 (I). One of these coumarins, a glycoside 
fS^^^^^"?*^ name columbianin, has since been shown to 
S^^pur in L. dissectum var. multifidum (Nutt.) Math, and 
g|?°st. (2) and L. nuttalUi (A. Gray) Macbr. (3). Acid 
Ipj^^.^^lysis of columbianin yielded D-glucose and a 
^^^y coumarinic aglycone, columbianetin (I) and 
m^^^ postulation of II as the structure for the gly- 
^..Pside. More recent studies (4) have revised the structure 
^ ill, /.e., the iS-D-gentiobioside of I (III). The other 
|| oumarin, columbianadin, was assigned Structure IV, 



I,R = H V 
II, R = D-Glucosyl 

III, R ^ /3-D-Gentiobiosy 1 

IV, R = Angeloyl 

The recent total sjmthesis of marmesin (V) and its 
optical^antipode, nodakenetin, by Nakajima et aL (9) 
and confirmed by Harada et al. (10) in a study of the 
absolute configuration suggested that a similar synthesis 
could be applied to the preparation of I by utilizing 
2-hydroxy-6-benzyloxybenzaldehyde (VI) as starting 
material in place of the isomeric 2-hydroxy-4-benzyI- 
oxybenzaldehyde employed by these workers. The 
preparation of VI from 2,6-dihydroxybenzaldehyde 
(i.e.y 7-resorcylaldehyde) was the obvious route but a 
survey of the literature pertaining to the preparation of 
the latter (11-15) indicated that all of the published 
methods were characterized by poor overall yields as 
well as lengthy synthetic sequences. Thus, a synthesis of 
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